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observations of some long GRBs are also not intrinsically 
long. High-z GRB 080913 (z=6.7) is an intrinsically short, 
hard GRB with a duration of ~ 1 second in the burst frame 
[26]. Although a Type I origin invoking a BH-NS merger is 
not ruled out, it was suggested that GRB 080913 is more 
likely a Type II event at z=6.7 [27]. Burst duration seems to 
be no longer a characteristic for classification.  
It is interesting that Swift detected GRB 090423 at z=8.2 
[28], approaching the era of re-ionization of the universe. 
Fermi/GBM also detected this gamma-ray burst. This is the 
most distance object observed ever. We here investigate 
both the spectral and temporal features of this event ob-
served with BAT and GBM and compare our results with 
typical Type I and II GRBs. The high redshift of 8.2 offers 
a chance to check whether the cosmology model, we also 
present an updated Hubble diagram for both the SNs and 
GRBs. Throughout, we adopt ܪ଴ ൌ 70 km/s/Mpc, Ωெ ൌ
0.27, Ωஃ ൌ 0.73. 
 
1. Data Reduction 
GRB 090423 was triggered by Swift/BAT at 07:55:19 UT 
on the 23rd April, 2009. Swift quickly slewed to the posi-
tion, with the follow up observation started at 72.5 s and 77 
s after trigger for XRT and UVOT, respectively [29]. We 
process data from Swift/BAT and Fermi/GBM. The BAT 
data are downloaded from Swift official webpage. We gen-
erate 64 ms binned light curves in four energy bands (15-25 
keV, 25-50 keV, 50-100 keV, and 100-150 keV). The BAT 
spectrum is derived by making some necessary corrections, 
including detectors quality, mask weighting corrections, 
and system error, with BAT package of Heasoft. The BAT 
did not slew during the observation of GRB 090423, which 
is convenient for spectrum subtraction. The duration of the 
burst is calculated by our own Bayesian Blocks method for 
the binned data. 
GBM data are downloaded from Fermi Archive available 
at ftp://legacy.gsfc.nasa.gov/fermi/data/gbm/bursts/. Stan-
dard Fermi tools and Heasoft software package are used to 
process the data. Among twelve NaI detectors, only No.9 
and 10 triggered this event. The No.9 NaI detector has 
larger count. Our data process is focused on this detector. 
We generate 0.25 s binned light curve in three energy bands 
(8-15 keV, 15-150 keV, and above 150 keV) from the GBM 
data, and calculate burst duration with our Bayesian Block 
method. The first 16 s of observation is used as background 
for T90 calculation and spectral analysis. For seeking a bet-
ter fitting result, we do the joint analysis of No.9 NaI de-
tector and No.1 BGO detector, although there is little signal 
of the burst detected by BGO detectors.  
 
2. Temporal properties 
The 64 ms binned light curve detected with BAT and 0.25 s 
binned light curve detected with GBM in different energy 
bands are shown in Figure 1. The BAT light curves show 
that the emission is mostly in the energy bands lower than 
100 keV. We calculate the T90 for each band, and mark the 
derived T90 in each panel, if available. The T90 of the 
summed light curve in the BAT band is 13.2 seconds, con-
sistent with that reported by Krimm et al. [29]. With a red-
shift of z=8.2, the T90 in the burst frame is ~ 1.4 seconds, 
comparable to that of GRB 080913 at z=6.7 [26]. 
From BAT lightcurves we find that the T90 of emission 
in the lower energy band is longer than that in the higher 
one. However, checking the light curve in the 8-15 keV 
band observed with GBM, we do not find significant detec-
tion. This fact may due to that GBM has low response to 
the photon in this energy band. It is bright in the 15-150 
keV band, with a T90 ~ 35 second, much longer than that 
measured with the BAT data. Note that after about 13 
second, the emission in the GBM band is very low. With 
the rough background subtraction, we cannot fully confirm 
this extended signal is physically from the burst. Therefore, 
the T90 of BAT data is adopted in the following analysis. 
 
 
Figure 1: left-64 ms-binned BAT light curves; right- 0.25 s-binned GBM 
light curves. Thick black lines are the smoothed light curves with 1s-bin.  
 
3. Spectral properties 
BAT did not slew during the burst. We extract the spectrum 
accumulated from T0-0.7 s to T0+11.7 s. The spectrum is 
well fitted by a power-law with exponential cutoff. Our 
fitting results are ߙ ൌ 0.84ି଴.ଷସା଴.ଷଵ, ܧ଴ ൌ 43.33ିଵ଴.଻ସାଵ଼.ଷହ keV,
reduced ߯ଶ ൌ 0.922, ݀. ݋. ݂. ൌ 55with an Ep=50.38±6.98 
keV, as shown in Fig. 2.  The average flux in 15-150 keV 
is 4.84ିଶ.ଽଷା଺.଺ଶ ൈ 10ି଼ergs · cmିଶ · sିଵ . We explore the 
spectral evolution with the time-resolved spectrum in time 
intervals of [T0-0.7 s, T0+4.3 s], [T0+4.3 s to T0+8.3 s] and 
[T0+8.3 s to T0+13.3 s]. No significant spectral evolution is 
seen. 
The joint spectrum of No.9 NaI detector and No.1 GBO 
detector GBM spectrum is shown in Fig. 2 (right). It has 
much larger uncertainty in comparison with BAT data. The 
fit by the same model yields ߙ ൌ 1.89ି଴.଼ା଴.଺଺ , ܧ଴ ൌ
50.06ିଵ଻.଻ହ
ାଷ଺.ଷସ keV,    reduced ߯ଶ ൌ 1.064,  ݀. ݋. ݂. ൌ 244, 
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marginally consistent with that derived from the BAT data 
with huge errors. 
 
Fig. 2: Left-BAT spectrum accumulated from T0-0.7s to T0+11.7 s with 
the best fit by an exponential cutoff power law model (line). Right- GBM 
spectrum by the best fit with the cutoff power law model (line). 
 
4. GRB 090423 as a Type II GRBs 
It is interesting that GRB 090423 is quite similar to its 
partner GRB 080913 at z=6.7 [26]. Their T90 are shorter 
than 2 sec in the rest frame, posting an issue on the classi-
fication of the two events ([27] and [30]). Note the division 
of long-short classification of 2 s is based on the observed 
T90. We compare the distributions of observed and the in-
trinsic T90 with redshift-known Swift and HETE-2 GRBs in 
Fig 3. Testing the bimodality of the two distribution with 
the algorithm by Ashman [31], we get p<10-4 and p=0.004 
for the T90 distributions in the observed and the burst 
frames, respectively. This suggests that the bimodality for 
the distribution of T90 in the burst frame is still statistically 
acceptable. The ratio of the probabilities of GRB 090423 in 
the long and short groups is 0.626: 0.374, marginally fa-
voring the idea to classify this event into the long group 
(Type II).  
Fig 3: T90 distributions of Swift and HETE-2 GRBs. Swift data are from 
NASA official website, and HETE-2 data are from [32]. 
 
Given z=8.2, the Eiso of this event with the exponential 
cutoff power law model is 7.4ିସ.ହାଵ଴.ହ ൈ 10ହଶ ergs , and 
Ep(1+z) is 463.5±64.2 keV. We examine whether GRB 
090423satisfy the Amati-relation[33] with others Type II 
GRBs available in [27]. The result is shown in Fig. 4. It is 
found that GRB 090423 well satisfies the Amati-relation 
for the Type II GRBs within a 3s deviation.  
With the Amati-relation, we derive the distance mod-
ulus if GRB 090423 from our data. We get µ=50.3ି଴.ଽ଻ାଵ.଺଺. 
Figure 5 shows GRB 090423 in the Hubble diagram of 192 
Ia supernovae [34-37] and 42 GRBs with z>1.4 [38]. It is 
clear from the figure that the Hubble diagram of the con-
cordance cosmological model holds up to a redshift of 8, 
suggesting that GRBs may be promising standard candles 
up to re-ionization epoch[39-41].  
 
Fig. 4: left-Comparison of GRB 090423 with the well studied Type I and Type 
II GRBs [47] in the Ep(1+z)-Eiso plane. Blue and green solid lines are best fit 
result for type II and other short-hard GRBs in 3s uncertainty range; right- 
Hubble diagram of 192 Ia supernovae and 42 GRBs with z>1.4[38]. The line 
is the theoretical model withܪ଴ ൌ 70 km/s/Mpc, ΩM ൌ 0.27, Ωஃ ൌ
0.73 
 
5. Summary 
We have investigated the spectral and temporal properties 
of GRB 090423 observed with Swift/BAT and Fermi/GBM 
and compare our results with typical Type I and II GRBs. 
We find that the T90 of its emission in the lower energy 
band is longer than that in the higher one. The summed 
light curve in the BAT band (15-150 keV) is 13.2 s. With a 
redshift of z=8.2, the T90 in the burst frame is ~ 1.5 seconds, 
comparable to that of GRB 080913 at z=6.7 [26]. The 
GBM data show that it is bright in the 15-150 keV band, 
with an observed T90 of ~ 35 s, much longer than that 
measured with the BAT data.  Note that after about 13 
second, the emission in the GBM band is very low. With 
the rough background subtraction and poor response to low 
energy photons of GBM as seen in the lightcurves and in 
the observed spectrum, we cannot fully confirm this ex-
tended signal is physically from the burst. 
Testing the T90 distribution in the burst frame for the 
current GRB sample with redshift measurement, the bimo-
dality exists, and GRB 090423 is marginally grouped into 
the long group (Type II GRBs).   
The spectra of GRB 090423 observed with BAT and 
GBM are well fitted by a power-law with exponential cu-
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toff. It well satisfies the Amati-relation for the Type II 
GRBs within a 3s deviation. Based on the Amati-relation, 
we derive the distance modulus of GRB 090423, and show 
that the Hubble diagram of the concordance cosmology 
model holds up to a redshift of ~8. 
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